ABSTRACT. A total of 14,818 slaughtered pigs were examined macroscopically. Of these, 25 pigs with porcine pleuropneumonia were collected and the relations among Actinobacillus spp. and granulomatous lesions in organs (lungs and tonsils) were evaluated. In the lungs, only Actinobacillus pleuropneumoniae serotype 2 was isolated from 20 of the pigs. Histologically, granulomatous pneumonia with A. pleuropneumoniae antigen was detected in 8 of the pigs. The antigen was visible in the centers of the lesions along with asteroid bodies, epithelioid cells and multinucleated giant cells. In the tonsils, granulomatous lesions were not detected, although A. pleuropneumoniae serotype 2 (5 pigs), serotype 7 (1 pig), Actinobacillus porcitonsillarum (1 pig) and Actinobacillus minor (1 pig) were isolated. The present survey suggests that multifocal granulomatous pneumonia in slaughter pigs could be highly associated with A. pleuropneumoniae serotype 2 infection.
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Toyama Prefectural Meat Inspection Center, 28-4 Shinbori, Imizu 934-0035, 2) Actinobacillus pleuropneumoniae is the etiologic pathogen of porcine pleuropneumonia, an acute or chronic infection affecting pigs of all ages that causes great economic losses globally [1] . The disease is characterized by hemorrhagic, fibrinous, and necrotic lung lesions [10] . Recently, A. pleuropneumoniae serotype 2 was isolated from multifocal granulomatous lesions in the liver [13] and lymph nodes [12] . Despite many reports on porcine A. pleuropneumoniae infection, neither discrete granuloma nor asteroid bodies were reported except in those two studies. Moreover, these granulomas had a higher tendency to occur in slaughter barrows [12, 13] . Although granulomatous pneumonia associated with A. pleuropneumoniae serotype 2 was also detected in four slaughter pigs [12, 13] , an extensive survey on their causal linkage has not been available in the reports.
In this study, a survey of granulomatous pneumonia associated with A. pleuropneumoniae was conducted, and the tonsils in which the organism would persist were also examined.
A total of 14,818 animals were examined macroscopically on the processing line at a slaughterhouse in Toyama, Japan from 26 January 2008 to 17 March 2008. Of these, 25 pigs with porcine pleuropneumonia were examined histologically, immunohistochemically and bacteriologically (Table 1) .
For histological and immunohistochemical examinations, tissue samples (lungs and tonsils) were collected within 30 min after death. They were fixed in 10% phosphate-buffered formalin and embedded in paraffin wax. Tissue sections (3 m) were stained with hematoxylin and eosin (HE) and Gram stains.
Serial histological sections were prepared for immunohistochemical labeling with streptavidin-biotin-alkaline phosphatase (Histofine SAB-PO Kit; Nichirei, Tokyo, Japan). The primary antibody was a rabbit polyclonal antibody to A. pleuropneumoniae serotype 2 [13] . The sections were lightly counterstained with hematoxylin and assessed by light microscopy. Simultaneously, sections of a piece of liver into which A. pleuropneumoniae serotype 2 had been injected were immunolabelled as positive controls. Negative controls were prepared by replacing the primary antibody with normal goat serum or phosphate-buffered saline. The rabbit polyclonal antibody to A. pleuropneumoniae serotype 2 at dilution of 1 in 4096 was immunohistochemically reacted with A. pleuropneumoniae serotype 2 alone, but not reacted with A. pleuropneumoniae serotype 7, A. porcitonsillarum or A. minor.
For bacteriological examination, the lungs and tonsils were cultured on a chocolate agar or horse blood (5%) agar supplemented with V factor (nicotinamide adenine dinucleotide, NAD) with 5% CO 2 gas and anaerobically at 37C for 48 hr. Biochemical characteristics of the isolates grown on agar medium were identified with ID-test-HN-20 Rapid (Nissui Pharmaceutical Co., Ltd., Tokyo, Japan).
For identification of A. pleuropneumoniae, the polymerase chain reaction (PCR) [14] was employed to detect the genes encoding the species-specific protective outer membrane lipoprotein (omlA) of each species. In addition, * CORRESPONDENCE TO: SHIBAHARA, T., Epidemiological Research
Team, National Institute of Animal Health, 3-1-5 Kannondai, Tsukuba 305-0856, Japan. e-mail: tshiba@affrc.go.jp serotyping was carried out with slide agglutination tests using rabbit hyperimmune sera against reference strains of the first 12 NAD-dependent serotypes of A. pleuropneumoniae [13] . Identification of the other Actinobacillus spp. was carried out by microplate DNA-DNA hybridization [6] . Macroscopically, 25 pigs from 9 farms (A-I) had pleuropneumonia with abscesses (18 pigs) ( Fig. 1) and hemorrhage (7 pigs) in the lungs. These lesions were detected in right (18 pigs) and left (7 pigs) lower lobes. They were all 6 months old with no sex predilection (13 castrated males and 12 females). No gross lesions were found in other organs, including the tonsils.
In the lungs, only A. pleuropneumoniae serotype 2 was isolated from 20 of the 25 pigs (Pigs 1-20) (Table 1) . Histologically, granulomatous (40%, Pigs 1-8) or suppurative (60%, Pigs 9-17, 21-23) lesions were detected. In the granulomatous lesions, asteroid bodies were visible in the centers of the lesions with epithelioid cells and multinucleated giant cells (Fig. 2a) . Numerous Gram-negative bacilli were detected in the asteroid bodies. Immunohistochemically, the bacilli reacted with the polyclonal antibody against A. pleuropneumoniae serotype 2 in occurrence of the lungs (20 of 25 pigs, Pigs 1-17, 21-23) (Fig. 2b) . No sex prediction was seen in the pulmonary granuloma with asteroid bodies. In the suppurative lesions, leukocyte necrosis was a prominent feature. In the other five pigs (Pigs 18-20, 24, 25), A. pleuropneumoniae antigen could not be seen in the lung lesions. There was no porcine respiratory reproductive syndrome virus antigen or porcine circovirus type 2 antigen detected in the lesions of all pigs.
In the tonsils, A. pleuropneumoniae serotype 2 (Pigs 4, 5, This is the first survey of granulomatous pneumonia due to Actinobacillus spp. in slaughter pigs. The incidence rate of granulomatous pneumonia (0.054%, 8/14,818) due to A. pleuropneumoniae serotype 2 was higher than those of granulomatous hepatitis (0.016%, 11/66,894) [13] and lymphadenitis (0.004%, 6/151,653) [12] . Although the hepatic and lymphatic granulomas due to A. pleuropneumoniae infection had a greater tendency to occur in barrows [12, 13] , sex prediction was not seen in the pulmonary granulomas in this survey.
Actinobacillus pleuropneumoniae serotype 2 was the only pathogenic agent for the eight pigs with granulomatous pneumonia in this survey. Similar pneumonia was also detected in four slaughter pigs in our two previous studies [12, 13] . Actinobacillus pleuropneumoniae serotype 2 was, therefore, regarded as the most causative agent of the granulomatous pneumonia. Surprisingly, only serotype 2 also induced granulomatous hepatitis [13] and lymphadenitis [12] . The present results, along with our previous findings, suggested that A. pleuropneumoniae serotype 2 could induce multifocal granulomatous lesions in systemic organs. The antibiotic resistance has been reported for serotype 2 in the isolates in Japan [16] . There is, therefore, a possibility that antibiotic-resistant A. pleuropneumoniae serotype 2 could be closely associated with granulomatous lesions. Further research is needed to determine whether the individual difference in the onset of granulomatous pneumonia is attributable to antibiotic resistance of isolates.
Actinobacillus porcitonsillarum was first isolated from tonsil, lung and liver of clinically healthy pigs in Canada, but it did not cause disease in young pigs upon experimental inoculation [3] . Therefore A. porcitonsillarum seemed to be a commensal species [3, 9, 15] . On the other hand, the organism was isolated from pulmonary lesions of two diseased pigs in Spain [8] . In addition, it was associated with multifocal granulomatous lymphadenitis accompanied by pneumonia in a Japanese slaughter pig [11] . The pulmonary hilar and mediastinal lymph nodes were astonishingly enlarged in the Japanese case [11] . 16S rDNA sequence analysis cannot distinguish between A. porcitonsillarum and A. minor [2] [3] [4] [5] 7] . For this reason, DNA-DNA hybridization between genus Actinobacillus species and a test strain is the gold-standard technique for its identification [6, 15] . In this study, A. porcitonsillarum and A. minor were isolated from the tonsils in Japanese slaughter pigs, while there was no relationship between the organisms and lesions. In the tonsils, the bacteriological and immunohistochemical findings were not in accord ( Table 1 ). The discrepancy might have been caused by the difference of the sites of samples collected for bacteriological and immunohistochemical examinations.
In summary, A. pleuropneumoniae serotype 2 was associated with granulomatous pneumonia in slaughter pigs with porcine pleuropneumonia. Actinobacillus porcitonsillarum and A. minor were also isolated from the tonsils but the two organisms seem to be commensal.
